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Numerical calculations of spatio-temporal characteristics of the homogeneous dielectric barrier discharge (DBD) in pure 
helium have been performed by means of a one-dimensional fluid model. The influence of the elementary processes on the 
discharge behavior has been studied by variation of the corresponding rate constants. The simulation and the analytical 
interpretation have been carried out for two basic modes of the homogeneous barrier discharge. The specificity of the glow 
discharge is the development of a cathode region and a positive column during the breakdown, as well as the presence of 
quasi-neutral plasma in subsequent phases. The positive column occurs because the shielding of the external field by the 
plasma is not instantaneous. The dependence of the discharge behavior on the external parameters, such as, the amplitude 
and frequency of the applied voltage, discharge gap width and thickness of dielectric barriers has been analyzed. 
Keywords: Glow discharge DBD, Fluid model, Helium gas, Dielectric barriers 
1 Introduction 
The atmospheric pressure gas discharges is the 
subject of interest in recent years because of their 
application in industrial plasma technologies, such as, 
surface treatment and plasma chemistry1-3. The 
dielectric barrier discharge (DBD) is a low-frequency 
ac discharge between two plane electrodes covered by 
a dielectric barrier. 
In recent years many studies have been concerned 
with the effects of gas flow and electrode geometry on 
the discharge mode and characteristics. While several 
authors have published experimental and modeling 
studies of plane-parallel DBD at atmospheric pressure, 
under specific conditions, for instance, at least one of 
electrodes covered with a dielectric layer, an ac power 
with an appropriate frequency, etc., atmospheric 
pressure glow discharges (APGD) is obtained relatively 
readily in helium. Helium APGD has been studied 
extensively. For simplicity, many theoretical studies 
made an approximation that the average electron energy 
is constant throughout the discharge space at any time; 
the value of electron energy is chosen empirically. 
The line of works in the glow discharge with 
dielectric barrier is to turn towards a very detailed 
modeling of the discharge. A good modeling makes it 
possible to understand and predict their behavior4–12. The 
control and use of this technology is used for industrial 
needs, such as semi-conductors, panels of plasma 
visualization, the deposit of the thin layers, the die-sinking 
in micro-electronics and the treatment of surfaces13–17. 
APGD can be used not only for surface 
modification but also for many other applications 
such as gas transformation (depollution), thin film 
deposition and dry etching. It is of paramount 
importance to determine their stability conditions very 
carefully and to study the transition between APGD 
and DBD. It is obvious that to reach a better 
understanding of the mechanisms of these discharges 
and to optimize their parameters. 
 
2 Physical Models 
 
2.1 Parallel plate dielectric barrier configuration 
Let us consider a parallel at plate electrodes 
discharge geometry and the dielectric barriers are 
attached with the electrodes as shown in Fig. 1. 
A sinusoidal voltage is imposed on the driven 
electrode and the other electrode is grounded. The 
front dielectric barrier surfaces, i.e., ABCD and 
EFGH are directly linked with the discharge plasma 
in the positive and negative half cycles of sinusoidal 
input voltage. The dielectric barriers have smaller 
widths as compared to the gap width. The 
combination of d1 and d2 represents the area of cross 
section (d1_d2) for the incoming gas, while the 
coordinates x, y and z represent the three-dimensional 
geometrical arrangement18-20. 
__________ 
*Corresponding author (E-mail: mankourmohamed312@yahoo.fr) 
702 INDIAN J PURE & APPL PHYS, VOL. 54, NOVEMBER 2016 
 
 
2.2 Elementary processes 
At atmospheric pressure, some processes are 
much faster than the characteristic times of glow 
discharge development. Such processes are assumed 
to be instantaneous, which simplifies the reaction 
kinetics and reduces the number of states in the 
model. A list of instantaneous reactions is given in 
Table 1. The objective of this paper is to formulate a 
mathematical fluid model in such a way that the 
parallel plate dielectric barrier discharge configuration 
is employed in the one-dimensional Cartesian form. 
 
3 1-D Parallel Plate Discharge Modeling  
The simulation of the homogeneous barrier 
discharge is based on the continuity equations for 
electrons, ions, and metastable atoms and molecules, 
and the Poisson equation. The mobility, diffusion, 
excitation and ionization coefficients are calculated 
on the basis of the Boltzmann equation (Table 2). The 
interaction between plasma and electrodes is 
described by boundary conditions. 
 
4 Mathematical Models  
The finest theoretical description of the particles 
behavior which characterizes the functioning of an 
electrical discharge requires the resolution of the 
kinetics equations as a whole (frequency called 
equation of discharge particle conveyance) associated 
at each one of these particles.  
Fundamental equation rendering account of the 
space and temporal evolution of particles density is 
the equation of continuity that globally takes the same 
form for electrons and ions. We get the following 
equations: 
For the electrons: 
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For the ions: 
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For the excited particles: 
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Table 1 — Fast processes in helium (He) plasmas21-27 
Process Notation Rate constant 
Associative ionization H ∗  n ≥ 3	 + H → H + H 1.5×10-11 cm3/ s H conversion H   + 2H → H + H 1.1×10-31 cm6/ s 
Conversion of resonance atoms H2P	 + 2H → HA∑	 + H 1.6×10-32 cm6/ s 
Excimer radiation Hbπ	 → 2Ha∑	 + hυ HA∑	 → 2H + hυ 
~109 s-1 
~107 s-1 
Conversion quenching Hbπ + H → Hbπ	 + H k≤10-11 cm3/ s 
   
Table 2 — Definition of constants and coefficients for simulation34 
   
Parameter Symbol Value 
 
Electron mobility  987 cm2/(V.s) 
Ion mobility  14 cm2/(V.s) 
Neutral density  ! 2.5.1019 cm-3 
Pollutant density  " Adjusted 
Penning ionization rate #"$ 5x10-10 cm3s-1 
Radiative recombination rate #$ 7x105 s-1 
Three body recombination rate #$ 2.5x10-34 cm6s-1 
Secondary emission yield % 0.1 
Metastable diffusion coefficient &$ 0.6 cm2s-1 
Ion diffusion coefficient & 0.354 cm2s-1 
Electron diffusion coefficient & Function 
Excitation coefficient '( Function 
Ionization coefficient ') Function 
Electric field * Function 
Stepwise ionization coefficient 
 #$ Function 
 
 
Fig. 1 — Parallel plate dielectric barrier in the presence applied 
sinusoidal voltage 
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which permit to determine the space temporal 
evolution of the electronic and ionic densities subject 
to the knowledge of the running back speed, diffusion 
coefficient and frequencies of ionization of each 
charged particle. 
The three aforementioned equations are named 
convection-diffusion equations. They are composed 
of the term convective (of the 1st rank with regard to 
the space shunted) and the term of diffusion (of the 
2nd rank with regard to the space shunted). 
In glow discharge, the space charge due to the ions 
and electrons presence is sufficient to distort the 
geometrical electric field. This phenomenon should be 
described by coupling the equations of electric and 
ionic conveyance with the equation of Poisson for 
the electric field, the equation of Poisson is 
written as: 
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The equation of Boltzmann is coupled with to the 
one of Poisson from an auto coherent electrical model 
of the discharge. 
 
5 Numerical Model  
The applied voltage is:  
 +,-	 = +! sinwt	    … (5) 
 
with ω the applied angular frequency, V0 the 
maximum amplitude with the root mean square 
voltage in this case of study being Vrms = 5 kV and the 
applied frequency f = 5 kHz. 
Due to the accumulation of electric charges over 
the dielectric surface, a kind of "memory voltage" is 
developed, given by: 
 
3$-	 = 456 7 8- ′dt′ + 3$-!	::;    … (6) 
 
Here, Cds is the equivalent capacitance of the 
discharge (in fact, Cds=ε0 εr S/d). We used εr=100, a 
typical value for dielectric ceramics with interest in 
this specific device. 
 
The actual voltage applied to the gas Vg is 
obtained with the relation: 
 +<-	 = +,-	 + +$-	  … (7) 
 
The discharge (Fig. 2) is in a stationary state since 
it is made of a succession of identical transient 
discharges which occur at each half cycle of the 
applied voltage. The shape of the discharge current is 
exactly the same from one period to the next. 
Although the discharge is in a stationary state and 
seems to have a glow behavior, we are not sure that it 
presents all the characteristics of glow discharges. 
 
6 Macroscopic Approach (fluid models) 
The solution developed for using this approach is 
designed for uniform glow-type discharges at ambient 
pressure. The goal of the simulation is to gain insight 
into key physical processes in the discharge and examine 
trends in the key parameters. The general form of the 
equations, for a species k, is shown below29: 
 
=>?
=@ + ∇.ΓC = DC − FC   … (8) 
 
ΓC = G?|G?|µC C* − &C∇ C   … (9) 
 ∇∅ = ρ
ε
     … (10) 
 D JK  = αLJ*	 !µ |*| + #$*	  $ +#"$ $ "   … (11) 
 F JK  = 0    … (12) 
 D$ = α(*	 !μ |*|  … (13) 
 F$ =  $#$*	  + #"$ " + #$ … (14) 
 
The system of equations provides a closed system 
for the calculation of electric potential and the 
production of key species. Electrons, ions, and key 
 
 
Fig. 2 — Variations of applied voltage, gap voltage memory 
voltage and discharge current I during one cycle28 
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neutral species are tracked in order to accurately 
determine the discharge behavior. Normally, neutral 
species are only important as a source of ionization for 
stagnant discharges, but for high pressure discharges 
containing inert gases such as helium or argon, Penning 
ionization and metastable quenching can be important 
reactions. According to the simulation developed by 
Novak and Bartnikas, the boundary conditions at the 
anode for the particles are30: 
 O>P
OQ =   =  $ = 0      … (15) 
 
For the cathode, the boundary conditions for the 
particles are31 : 
 O>R
OQ =  $ = 0    … (16) 
 
Γ = γΓ    … (17) 
 
The boundary conditions for the voltage depend 
on the information available about the discharge. The 
boundary conditions can be simple Dirichlet 
conditions. If the barrier voltage is unknown, then a 
more complicated boundary condition is required 
relating electric field to surface charge and the flow of 
current to the electrode. The discretization of the 
space is shown in (Fig. 3). 
The scalar parameters such as density (nk) and 
voltage (V) are taken as cell centered and vector 
properties such as electric field and velocity are taken 
at cell boundaries. Since the discharge is stagnant and 
ionization fraction is extremely small (<10%), the 
background population of ground state neutral 
particles (n0) is assumed to be constant. The 
background population of impurities (np) is also 
assumed constant. In order to solve the system of non-
linear differential equations, the relative contribution 
of diffusion term and convection term is important. 
For the metastable particles, diffusion is the only 
mechanism for the particle transport. For the ions and 
electrons, convection is the dominant mechanism for 
particle transport. 
 
S&C O>?OT S ≪ S CC O∅OTS  … (18) 
 
Or 
 
SV?WX?WY S>?Z? ≪ SO∅OTS   … (19) 
 
6.1 Discretization of the convergence equations 
Generally, we cannot solve the heavily coupled 
systems, constituted of the first two instants of 
Boltzmann’s equation and of Poisson’s one in a 
simple and direct manner. The problem is then to 
draw as near as necessary the exact values to the 
solution. The chosen method is the method of the 
finished differences according to the diagram of 
Sharfetter and Gummel32 for the developed 
conveyance at the lead for semi-conductors modeling. 
 
6.2 Discretization of the Density of the Charged Particles and 
of the Flux 
The first step to couple the charged particle 
continuity equations to the Poisson equation is to 
discretized the charged particle continuity equations. 
Known values of electron density and ion density 
are used for the diffusion term, source term, and loss 
term. For the convective term, the derivative of 
voltage is unknown and the charged particle density is 
known using the donor cell approach. The time 
derivative is explicitly differenced in time. The 
differencing scheme is first order accurate in time and 
space. 
 
>?,\]^∆]`>?,\]
∆@ ∆a ± µCc C,d/@ f ∅\^g
]^∆]`∅\]^∆]
∆T −
 C,d`/@ ∅\
]^∆]`∅\hg]^∆]
∆T   
 
= DC,d − FC,d∆a + c&C,d/@ f >?,\^g] `>?,\]∆T −
&C,d`/@ >?,\] `>?,\hg]∆T   … (20) 
 
 
Fig. 3 — Grid for Finite Difference (1D) 
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The result of the discretization is the charge 
particle continuity equations is three unknowns; the 
electron density, ion density, and potential at position 
zj. The diffusion coefficient of the ions is constant 
(Di=0.354 cm2 s-1) and the electron diffusion 
coefficient is a function of electric field. 
 
&*	 =
i5.43 × 10 |n| !o! cms` * ≤ 3040 vcm`5.43 × 10 cms`
f
   
 … (21) 
 
With the electron and ion continuity equations 
discretized, the Poisson equation is discretized 
assuming all quantities are unknown. 
 
`
Gt u
∅\^g]^∆]`∅\]^∆]∅\hg]^∆]
∆Tv w =  ,d@∆@ −  ,d@∆@   … (22) 
 
The discretized continuity equations are explicitly 
solved for the particle density for node j. The result of 
the continuity equations is substituted into the 
discretized Poisson equation. The source and loss 
terms cancel since ions and electron are ionized and 
recombine in the same reactions. After the 
substitution, the only current time variable in the 
discretized Poisson equation is the electric potential. 
The potential and associated coefficients are moved to 
the left side of the equation. 
 x∅d@∆@ − x + x	∅d@∆@ + x∅d`@∆@
=  ,d@ −  ,d@ + &∆- u ,d − 2 ,d +  ,d`∆a w
@
 
+∆- y&,d/@ >P,\^g] `>P,\]∆Tv − &,d`/@ >P,\
] `>P,\hg]
∆Tv z     … (23) 
 
Where 
 
x = `Gt − ∆@∆Tv u ,dgv
@ +  ,dgv
@ w   … (24)  
 
x = −1{| −
∆-
∆a } ,d`/@ +  ,d`/@ ~ 
 
The particle density located at j±½ is evaluated 
using the donor cell approach. 
 C,d
@ = i  C,d@  3C,d/@ > 0 C,d@  3C,d/@ < 0f  C,d`
@
= i C,d`@  3C,d`/@ > 0 C,d@  3C,d`/@ < 0 f  
… (25) 
 
where, 
 
3C,d±/@ = ∓ fC O∅]OT Sd±/    … (26) 
 
The discrete Poisson equations form a linear 
system of equations taking the form ∅ = . The 
coefficient matrix  is tri-diagonal. With the voltage 
known at every node in space, the metastable 
population is calculated using the electric potential. 
The metastable continuity equation is differenced 
differently than the electron and ion continuity 
equations. 
 
>,\]^∆]`>,\]
∆@ ∆a − &$ y>,\^g
]^∆] `>,\]^∆]
∆T − >,\
]^∆]`>,\hg]^∆]
∆T z   
+ $,d@∆@ u#$ ufO∅OTSd
@∆@w  ,d@ + #"$ " +
#$w ∆a = D$,d@ ∆a   … (27) 
 
The system of discrete metastable continuity 
equations is linear and tri-diagonal. Unless otherwise 
denoted, the coefficients in the source and loss terms 
are constant. The electric potential is current time and 
the electron density is old time. 
 S,: = αE:∆:	n!µn: E:∆:    … (28) 
 
where, 
 '( !*	 = 
y 0 ` * ≤ 2280 +`1.54 × |*| − 2280	!. ` * > 2280 +` f 
 … (29) 
 
And 
 #$*	 =
y 0 ` * ≤ 380 +`3.03 × 10` × |*| − 380	!.o ` * > 380 +` f  
… (30) 
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where, 
 
*@∆@ = − O∅]^∆]OT           … (31) 
 
The discrete metastable continuity equation 
produces a linear tri-diagonal system of the form 
.  $@∆@ = . The linear system is solved using the 
Thomas algorithm. With the current time metastable 
density and current time electric potential, the 
electron density is calculated directly. The source 
term for the electron continuity equation is below33. 
 D,d@
= ') f∅ad
@∆@  ! ,d@ f∅ad
@∆@
+ #$ f∅ad
@∆@  ,d@  $,d@∆@ + #"$ $,d@∆@ " 
 … (32) 
 
where, 
 ') !*	
=  y 0 ` * ≤ 2280 +`5.32 × 10` × |*| − 2280	. ` * > 2280 +` f 
  … (33) 
 
The loss term is zero for the electron and ions 
since charged particles are lost dominantly though 
convection and diffusion, not recombination. The ion 
density is the final unknown current time quantity. 
The ion density is directly calculated using all the 
other current time quantities. The source term for the 
ions is below. 
 
D,d@∆@ = ') ufO∅OTSd
@∆@w  ! ,d@∆@ fO∅OTSd
@∆@ +
#$ ufO∅OTSd
@∆@w  ,d@∆@ $,d@∆@ + #"$ $,d@∆@ "  
…  (34) 
 
With all the quantities updated to current time, the 
scheme is advanced to the next time step. To ensure 
the time advancement is numerically stable there are 
some limitations on the size of the time step relative 
to the space step, speed of the particles, and the 
diffusion coefficient of the particles. The Fourier 
Modulus determines the numerical stability limit of 
conduction/diffusion equations. The Courant limit 
determines the numerical stability limit of convective 
equations. The limit of numerical stability for a mixed 
equation is determined by both limits. 
 
2. V?∆@∆Tv + |?|∆@∆T < 1   … (35) 
 
Since the spatial step and time step are constant 
for all species, the particle with the largest speed and 
largest diffusion coefficient determines the numerical 
stability of the system. The electrons have both the 
largest speed and the largest diffusion coefficient so 
they determine the numerical stability of the system. 
 
7 Results and Discussion  
The mobility and diffusion coefficient used are 
the same as those in35-38. The photo–ionization 
contribution is not taken into account in this model. 
As the initial condition, we assume that the electron 
density and the atomic ion density are equal to each 
other and uniformly distributed in the discharge 
region 710),()0,( == ornrn ie cm-3, while the molecular 
ion density and the excited atom density are both  
102 cm-3. The spacing between the two electrodes is  
5 mm; a sinusoidal voltage is externally applied to the 
inner electrode, its amplitude, frequency and 
temperature are 4 kv, 4 kHz and 300 K, respectively. 
Figures 4 and 5(a, b) show the temporal evolution 
of the total discharge current, the gas voltage during a 
typical cycle and current density. It can be seen that 
there is one current peak in each half cycle of the 
applied voltage. Different from the parallel-plate 
configuration, the current peak in various half periods 
loses its original shape. The current maximum of 2.3 
mA in the first half is different from the second, 
which is only -7.1 mA. In addition, the pulse width of 
the discharge current in the latter half period is wider 
than that in the former (Fig. 5(a)). It is due to the fact 
that in the first half, the discharge cathode is the outer 
electrode with a big radius so that the volume of 
ionization region in the cathode sheath is also very 
large, leading to a strong current gathering; while in 
the latter half period, the discharge cathode is the 
inner wire electrode with a much smaller radius. 
Although in the latter case the sheath electric field is 
much stronger than that in the former, the volume of 
the ionization region is however so small that it leads 
to a smaller current peak. The blue line in Fig. 4 
represents the time evolution of  the gas  voltage  with 
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the applied voltage during a typical cycle. At the 
initial moment, the applied voltage is zero, and the 
gas voltage is not zero but equal to the memory 
voltage produced by the charged particles 
accumulated on the dielectric. As the applied voltage 
rises, the gas voltage increases until it reaches the 
breakdown voltage. Then the gas is punctured and 
discharge starts. Meanwhile, the charges accumulated 
on  the  dielectric produce  a  reverse  electric  field, 
making the gas voltage drop and leading to a 
termination of the gas discharge. In the latter half 
period, due to the reversal of the applied voltage, the 
electric field produced by the accumulated charges 
has the same direction as the applied field, so it 
reduces the threshold applied voltage for starting the 
next discharge. Furthermore, since the breakdown 
during the latter half period happens in the cathode 
sheath near the inner wire electrode, where the 
electric field is strong, correspondingly it is easier to 
puncture, and therefore the breakdown voltage in the 
latter half period is lower than that in the former half 
period. As a result of the higher discharge current 
during the former half period, the accumulation seed 
of charged particles on the dielectric barrier is fast 
too. Then the gas voltage drops rapidly and the 
discharge is suppressed quickly, and consequently the 
discharge current pulse is narrow. However, during 
the latter half period, since the discharge current is 
low, the accumulation speed of charged particles on 
the dielectric is also low. Thus the gas voltage 
changes slowly and its suppressing effect on 
discharge is small, so the current pulse is wide. 
Figures 6-13 illustrate the spatial distributions of 
the electric field, the electron, and the ion as well as 
the excited atom densities in the different times. 
 
7.1 Discharge extinction 
At the beginning of the alternation, before the 
discharge, the inter-electrode gas space can be 
regarded as a capacitive voltage divider. When the 
voltage at the cell terminals increases, the voltage 
applied to the gas also increases until the electric field 
reaches the value required to initiate an avalanche. 
This particular value of the voltage of the gas is called 
ignition voltage. Irradiation leads to the development 
of an electron avalanche which propagates toward the 
 
 
Fig. 4 — Evolution of the gas voltage in typical cycle 
 
 
 
Fig. 5 — (a) Evolution of the total discharge current in typical 
cycle and (b) evolution of the current density in typical cycle 
 
 
Fig. 6 — The spatial distribution of electric field (t=30, 40 and 50 µs) 
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anode. As the ion mobility is significantly lower than 
that of electrons (approximately 1000 times lower), they 
are accelerated with greater velocity toward the anode. 
They leave behind positive ions virtually immobile. The 
voltage of the gas is constant during this phase 
The applied increasing voltage induces an 
increase in the electric field and the ion density 
slightly increases from the side of the anode and in a 
much more marked next to the cathode. The mobility 
of ions is much lower than that of the electrons and 
the rapid movement of electrons induces a positive 
space charge and causes an increase of the electric 
field and therefore the construction, near the cathode, 
 
 
Fig. 7 — The spatial distribution of electron density (t=30, 40 and 50 
µs) 
 
 
 
Fig. 8 — The spatial distribution of ion density (t=30, 40 and 50 µs) 
 
 
 
Fig. 9 — The spatial distribution of metastable density 
(t=30, 40 and 50 µs) 
 
 
Fig. 10 — The spatial distribution of electric field (t=100,110
and 120 µs) 
 
 
 
Fig. 11 — The spatial distribution of electron density 
(t=100,110 and 120 µs) 
 
 
 
Fig. 12 — The spatial distribution of ion density (t=100,110
and 120 µs) 
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of a strong field area: the cathode fall. The metastable 
that are created by electron impact, move by 
diffusion. And a part of the density reaches the 
surface despite the low diffusion at atmospheric 
pressure. 
7.2 Priming of the discharge 
Figure 14 represents the spatial variation of the 
electric field in the inter-electrode space, and the 
electron densities, ionic and metastable, which are the 
majority species in the discharge. 
These distributions are presented at maximum of 
current. As we can see, the electric field to keep an 
almost constant value throughout the inter-electrode 
space. The electron density varies exponentially; such 
behavior corresponds to a discharge of Townsend, 
that is to say, a self-sustaining discharge by the 
emission of electrons at the cathode. The electrons are 
multiplied exponentially during travel from the 
cathode to the anode as the ion density is too low to 
induce a localization of the electric field. The field 
being substantially uniform, the value of the 
geometric field is strong, which makes it possible to 
maintain ionization. The energy transfer is maximal at 
the anode where the electron density is maximum. In 
the cathode zone the maximum value of the electric 
field decreases. In both zones the positive column and 
the anode sheath the charge densities are equal and 
the electric field is increasingly low. The highest 
values of the electron and ion densities decrease in the 
cathode zone but remain constant in the positive 
column because the charged particle (electron and 
ion) are trapped within the positive column. 
Metastable densities remain constant because they 
do not depend on electric field. These species, being 
neutral, their movement is determined by the 
distribution, that is to say the concentration gradient. 
 
7.3 Discharge ignition 
In Fig. 15, we can see the spatial distributions of 
the electric field and electron densities, ionic and 
metastable in stable condition. At this time the plasma 
is already formed in the cathode sheath, the plasma 
formed near the anode, the densities of particles in 
plasma increased in function of time. The dynamics of 
the ionization process in the active phase of the 
discharge formation depends on the densities of 
charges accumulated in the discharge volume39-40. 
It is noted that the electric field decreases when 
the voltage of the gas decreases. This decrease can no 
longer be done quickly to the cathode side due to the 
high ion density in this area and decrease of the 
electric field at the anode induces a displacement of 
the electrons near the electrode which will become the 
new anode (right) and the ions approach the new 
cathode. 
 
 
Fig. 13 — The spatial distribution of metastable density 
(t=100,110 and 120 µs) 
 
 
 
Fig. 14 — The spatial distribution of electric field (z=2, 4, 6
and 8 mm) 
 
 
 
Fig. 15 — The spatial distribution of electron density (z=2, 4,
6 and 8 mm) 
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The maximum of the metastable density is very 
low, but these species remain constant over the entire 
electrode surface area since they are independent of 
the electric field. 
 
7.4 Parameter variation 
 
7.4.1 Effect of the inter electrode distance 
From this study, we can define three ranges of 
variation of the inter-electrode distance where the 
discharge characteristics are identical. For distances 
between 2 mm and 8 mm, the glow discharge guard 
structure and the decrease or increase of the inter-
electrode distance leads to a reduction or an increase 
in the extent of the positive column. Below 3 mm, the 
positive column disappears completely and the 
remaining areas are compressed: the discharge 
becomes unstable and begins to have a particular 
behavior. For inter electrode distance above 8 mm, 
the positive column reaches a critical size and the 
applied electric field is high enough to ensure self-
maintain of the discharge. 
 
7.4.2 Excitation frequency 
Figures 16 and 17 represent the influence of the 
frequency in the spatial variation of the electric field 
and the densities of the particles. Any increase in the 
frequency induces an increase in the electron density 
and we notice that when the electric field is very 
small electron density is quite high because electrons 
travel time is very low. Note that under certain 
conditions, the electron density of the initial 
avalanche can be relatively large. Secondary 
avalanche from the cathode can reach the tail of the 
initial avalanche even before it reaches the anode. It is 
difficult to determine the boundary between these two 
phases, from the evolution of current. Although the 
sampling frequency is 3 kHz, do not allow to obtain 
simultaneously a wide range of time and a high 
sampling frequency, a bit marked peak was able to be 
masked. 
 
7.4.3 Effect of the applied voltage 
The ignition voltage under our conditions is the 
maximum value of the voltage of inter-electrode 
space (Figs 18 and 19). The breakdown voltages 
derived from the Paschen curves. They are given for 
the breakdown in pure helium between two planar 
metal electrodes. These voltages correspond to 
breakdown criteria in continuous operation in a 
homogeneous field. According to Kogelschatz et al, 
the starting voltage for the inter-electrode space, 
limited by one or two dielectric layers, is substantially 
equal to that of a device provided with two metal 
 
 
Fig. 16 — The spatial distribution of electric field (f=3, 5, 7
and 9 kHz) 
 
 
 
Fig. 17 — The spatial distribution of electron density (f=3, 5, 
7 and 9 kHz) 
 
 
 
Fig. 18 — The spatial distribution of electric field (V=1.5, 3, 
4.5 and 6 kv) 
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electrodes at 4 kHz and the lower filling pressures (P 
<300 Torr), our voltage values are 20% higher than 
those derived from the Paschen curves. For pressures 
higher than 500 Torr, the apparent starting voltage, 
under our conditions, is less than that deduced from 
the Paschen curves. In addition, 4 kHz, it is always 
less than that obtained from the Paschen curves. 
Which means that high frequency electrical 
breakdown process in the DBD is linked to the pre-
ionization effect, due to the fact that the charges are 
not completely removed, which is responsible for the 
decrease of the breakdown voltage. 
It is noted that when the applied voltage 
increases, the thickness of the cathode sheath 
increases. This region is characterized by an electron 
density which becomes increasingly smaller with 
increasing the applied voltage, this is explained by the 
fact that the increase of the applied voltage leads to an 
increase of the electric field; the latter has the effect 
of increasing the velocity of charged particles, in 
particular electrons are much lighter than ions. The 
electron density in positive column is the same 
regardless of the applied voltage. 
 
8 Conclusions  
Based on the one-dimensional and self-consistent 
fluid model, the characteristics of the dielectric barrier 
glow discharge in pure helium at atmospheric 
pressure generated between two coaxial electrodes is 
investigated numerically. In calculation, we have 
considered the elementary ionization and excitation 
processes in pure helium. Under the drift-diffusion 
approximation, by solving the one-dimensional 
continuity equations for electrons, ions and excited 
atoms, together with the current conservation 
equation, the simulation results show the spatial-
temporal distributions of the electric field and the 
electron, ion and excited atom densities, as well as the 
time evolutions of the discharge current and the gas 
voltage. At maximal discharge current, there 
obviously exist the cathode fall, the negative glow 
region and the positive column, similar to the APGD 
with the dielectric barrier between parallel-plate 
electrodes. 
It is unlikely that surface charging of the 
dielectric electrodes would play a predominant role in 
the tendency for the rate of current rise to increase 
with frequency, since the particular behavior is 
manifested with both the metallic and dielectric 
electrode gaps. For example, in going from 2 to 10 
kHz, the rate of current rise with the two-metallic 
electrode gap increases from 0.19 to 0.77 mA/µs 
screw-have-screw 0.02 to 0.67 mA/µs for the two-
dielectric electrode gap. The development of space 
charge cannot be attributed to overvoltage effects, 
since no significant increase in breakdown voltage 
with increasing frequency is observed. A more 
plausible explanation that can be advanced at this 
time would appear to be that with rising frequency, 
increasingly less time becomes available for the 
accumulated ions to be dispersed from the vicinity of 
the cathode region. However, further experimentation 
is necessary to clarify the details of this mechanism. 
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